Summary. 'The extent of genetic and environmental variation' in the development of reproduction in sheep is illustrated by examples with particular reference to variation among breeds and to the effects of photoperiod. The interactions between genetic and environmental effects are introduced ; these may be so great that genetic groups may reverse their ranking for rate of development in different environments. The 'physiology of puberty' is then discussed. The difficulty of separating puberty from seasonal variation is stressed, and a possible contrast is drawn between the physiological characteristics of genetic variation and those of environmental variation in reproductive development. Finally the physiological factors associated with sterility in young females are discussed; most studies, however, have been conducted during the time of year when adult females would also be expected to be sterile, so that conclusions are difficult and a 'missing link' cannot be identified.
Introduction
Studies of puberty and the early reproductive performance of sheep have recently been compre¬ hensively reviewed by Dyrmundsson (1973a, b) . While there is little to add to many of his conclusions, there have been considerable advances in some areas, and these will be emphasized and discussed. It is not proposed to add to the list of definitions of puberty, but simply to regard puberty as embracing the various aspects of the development of reproductive function.
Dyrmundsson concentrated on direct effects rather than interactions. He concluded that the onset of reproductive activity in sheep is affected by genetic and environmental factors-with decreasing daylength and good nutrition speeding the rate of development and vice versa. The effect of photoperiod is well illustrated by his observation "ewe lambs born early in the season tend to attain puberty earlier than those born later, but at a greater age and heavier body weight" ; and the effect of nutrition by the observation "faster body growth during rearing will normally favour an earlier onset of first oestrus". Although reproductive development may be affected by genetic and environmental factors, especially nutrition and photoperiod, it is apparent that these effects are not independent, for the magnitude of one effect may be dependent upon the magnitude of the others, and particular attention will be given to interactions of this type (p. 427) .
In addition to an increased awareness of the interactions between the various factors affecting reproductive development, the past 4 years have also seen the publication of many data from studies of the endocrine status of the young lamb. Dyrmundsson's observation that "very little seems to be known about the endocrine status of the ewe lamb prior to and during the puberal period" illustrates the speed of recent advances. These will be discussed in relation to genetic and environmental varia¬ tion on p. 431, and to the causes of sterility of young females (p. 434). It must be remembered through¬ out that sheep are 'seasonal breeders', in which mating normally takes place in the autumn. (Walrave, Cantin, Desvignes & Thimonier, 1975) . This effect was not associated with variation in body growth, for the relative body weights of the two groups were similar (60-65 % of adult weight), and, further, there were no differences between the body weights of the Blanche de Lozère females which showed oestrus and those which did not. However, variation in the time of puberty may be associated with variation in body growth, for both are affected by nutrition. This is illustrated by the simple experiment of R. G. Gunn (personal communication) ; all of 23 Scottish Blackface lambs given supplementary feed showed oestrus in their first breeding season compared to only 15 of 29 lambs not given supplement. The body weights of the two groups were similar at 3 months of age (21-6 and 21-5 kg) but differed at 6 months (33-8 and 29-8 kg, respectively). The 'environmentally' heavier group (that given supplementary feed) there¬ fore had a higher incidence of oestrus but, as in the experiment of Walrave et al (1975) in which the main effect was genetic, there was no difference in body weight between those showing oestrus and those not doing so in the group with the lower incidence. Genetic and environmental variation in puberty may therefore be independent of that in body growth. (Land, Russell & Donald, 1974) (Table 1 (Land & Sales, 1977) . Most of the Merino lambs, both male and female, mated when tested in their second 'breeding season'. (Islam & Land, 1977) . The photoperiodic environmental stimulus to puberty given to a spring-born Merino lamb would therefore be expected to be greater than that given to a spring-born Finn lamb, and one must therefore assume that the failure of the Merino lamb to mature in its first year of life stems from an inability to respond to that stimulus. In the case of the Finn lamb, the stimulus is smaller, but the lamb is able to respond and hence to mature earlier.
The simplest hypothesis to explain this situation is that there are two genetic effects, one which controls the response to a given photoperiodic change, given that an individual is mature enough to respond, and a second, which determines whether it is able to respond. In the Finn and Merino lambs these two underlying traits are acting oppositely on the rate of maturity ; the Finn has a 'late' response to the photoperiod, but is able to respond at an early age; the Merino has an early response or would have, but is unable to respond. The simultaneous maturation of the Finn and crossbred lambs could then arise from the additive inheritance of both traits. Photoperiodic effects are, however, confounded with the time of birth, and it is necessary to consider the effects of this component of a lamb's environment before examining the interactions further.
Time of birth
Testicular growth, as a continuous variable, again serves as a suitable criterion of the effects of time of birth on sexual maturation. Courot, de Reviers & Pelletier (1975) show that lambs born in autumn (September) mature more rapidly than those born in the spring (February) (Land, 1973 (Land & Lee, 1976 Foster, 1974) . The peripheral plasma concentration of LH rises more rapidly in female than in male lambs from birth to 14 days of age, a sex difference which arises from differ¬ ences in gonadal steroid output rather than hypothalamic or pituitary sensitivity to the negative feed-back effects of these steroids (Foster, Cook & Nalbandov, 1972) . The concentration continues to rise and pass through a maximum but, at least in male lambs, the characteristics of this rise are dependent upon the time of birth relative to the annual change in photoperiod and the genotype of the lamb (Blanc, Courot, Pelletier & Thimonier, 1975) . The concentration of LH in peripheral plasma rises more rapidly in ram lambs born in the spring than in ram lambs born in the autumn, and in ram lambs of breeds of high prolificacy than of low prolificacy. The similarity of breeds of high prolificacy and those of spring birth therefore contrast with the more rapid testis growth of autumn born lambs and those of breeds of high prolificacy (discussed above), indicating that the physiological factors underlying seasonal variation in the rate of development of reproductive activity may differ from those underlying genetic variation. It is proposed to discuss the physiological variation associated with seasonal variation and then to compare it with that associated with genetic variation.
Genetic and seasonal variation
Seasonal variation is difficult to study in females, because physiological differences could be either the cause or the consequence of the presence or absence of cyclicity. Nevertheless, Scaramuzzi & Baird (1976) and Karsch, Legan & Ryan (1977) have concluded that seasonal variation arises from an increased sensitivity to negative feed-back from ovarian steroids. In males, however, the compari¬ son is easier, because the nature of their reproductive activity is similar at all times of the year; variation is variation in degree. Pelletier & Ortavant (1975a, b) have shown that seasonal variation in the concentration of LH in peripheral plasma of males is independent of the presence of the gonads and hence not dependent on variation in negative feed-back from gonadal steroids. The increased sensitivity to testosterone in the season of reduced activity could easily arise from this lower level of basic activity associated with long days. Similarly the reported increased sensitivity of anoestrous females to steroid feed-back could also arise from such a reduction in basic activity.
Seasonal variation, however, is not simply a response to changes in photoperiod, because repro¬ ductive status may also change spontaneously. In the studies of Pelletier & Ortavant (1975a) , for example, LH concentration started to rise while daylength was still increasing. This effect is even more marked in the study of Lincoln (1976) in which most of the increase in LH concentration took place before the photoperiod was shortened. Against a steady background of reduced gonadal activity, there appears to be a spontaneous rise in plasma LH, a rise which may be analogous to the prepubertal peak discussed earlier. As daylength continues to shorten (Pelletier & Ortavant, 1975a) or remains short (Lincoln, 1976 ) the reverse occurs, gonadal activity increases and the concentration of LH in peripheral plasma declines. Again, this decline is analogous to the prepubertal decline in LH concentration in the lamb. The physiological changes associated with puberty in the male lamb therefore show marked similarities to those associated with seasonal variation in the physiological characteristics of the adult, but this is not surprising, as puberty is associated with the onset of the first breeding season. The use of seasonal variation as a reversible experimental model for puberty in non-seasonal breeders may therefore be unwise ; it is also difficult to compare puberty in seasonal breeders with that of animals with no seasonal variation. In the former we have two effects which have not yet been separated, in the latter, puberty alone. The high concentration of peripheral plasma LH before the onset of reproductive activity could be interpreted to indicate that puberty in sheep is not dependent upon a decreased sensitivity of the hypothalamus to the negative feed-back of gonadal steroids, but it could be an effect of season, the greater the correlation between age of puberty and 'response to photoperiod', the greater the prepubertal LH peak.
To study the differences between puberty and the onset of the breeding season, it may be necessary to study animals in a stimulatory photoperiod, but the characteristics of a stimulatory photoperiod may be different for each individual or each breed. It must also be remembered that in studies in which single samples are taken, similar mean plasma concentrations may hide differences in pulse size or frequency. Puberty and seasonal variation could both be associated with changes in pulse frequency rather than rates of synthesis and total release; although Foster (1974) shows an increase in pulse size and frequency with age, he does not discuss the age of his juveniles relative to the stage of the sea¬ son. To add to these complications it must also be remembered that there is a considerable body of evidence to suggest that the reproductive status of sheep is unstable. We have seen that males in a constant photoperiod tend to alternate between reproductive activity and inactivity. Sheep may ovulate during anoestrus, and oestrous cycles may resume before the daylength has shortened (Thimonier & Mauléon, 1969) ; the maintenance of a short photoperiod from the shortest day on¬ wards does not affect the duration of the breeding season (Speedy & Owen, 1975) . With such in¬ stability, which itself may be subject to genetic variation, and the superimposition of the effects of changes in daylength, it is hardly surprising that although much is now known about the endocrinological events associated with puberty they are not yet fully understood. Let us return to the question of genetic variation.
Relationships between prepubertal endocrinology and adult performance
The most marked genetic differences in the concentration of LH in the peripheral plasma of immature lambs is reported by Blanc et al. (1975) for different breeds; the rate of increase in LH concentration in the plasma of lambs of the highly prolific Romanov breed was much greater than that for Ile-de-France or Prèalpe lambs. It may be argued that the rapid rise in plasma LH and high rates of testicular growth may arise from a lower sensitivity of the highly prolific breeds to negative feed-back from gonadal steroids, and this is supported by the observation that hemicastration leads to greater increases in the rate of growth of the remaining testis of ram lambs of breeds of low prolificacy than of high prolificacy (Land & Carr, 1975) . Several workers, however, have re¬ ported no association between the concentration of LH in peripheral plasma of young rams and the prolificacy of the breed type, and the incompatability of these results is discussed by Land & Carr (1978) . They point out that with an age-dependent prepubertal peak LH concentration, the relative ranking of different breeds is dependent upon the age at the maximum concentration for each breed and the age at which the comparison is made. The model proposed is illustrated in . At a very early age all breeds would have similar LH concentrations. As they became older, the lambs of the highly prolific breed would have higher concentrations of LH in peripheral plasma than would lambs of the lowly prolific breed, but once the lambs of the highly prolific type pass their maximum, the two types would first be similar, and then reverse rankings as the concentration continued to increase in the lambs of the type with low prolificacy. Again, the importance of season must not be neglected. We have seen that early born Finn-Merino lambs mature more or as rapidly as Finns, but when born later, the situation is reversed ; the age of maximum LH concentration may also reverse. Not only is the ranking of breed types affected by the age of observation, this may also interact with the time of birth. The study of the physiology of genetic and environmental variation in puberty of the sheep is therefore only just beginning. We have sufficient data to show that the genetic and environ¬ mental sources of variation may interact, and to show that the separation of these effects and the understanding of their physiological mediation will be dependent upon thorough investigation.
Variation in the physiology of the immature lamb is of interest both in its own right but also with a view to the possibility that an understanding of the variation may lead to the development of criteria to predict adult performance. More especially, the possibility that a ram's juvenile characteristics may be used to predict the reproductive performance of his daughters would be of particular value (Land, 1973 (Carr, Land & Sales, 1976) . This and further studies (Land & Carr, 1978) show that differences in the prolificacy of the breed type are associated with differences in the response to LH-RH. Furthermore, the differences are recognizable in spring-born lambs and this gives an 'LH-RH test' a possible advantage over testis growth, which, as discussed above, may be similar in the males although Finn and Finn-Merino females have very different litter sizes. Again, however, the problems of breed season age interactions have to be considered. Galloway & Pelletier (1974) (Land, 1970) . The follicles are able to respond to exogenous gonadotrophins and ovulation may be induced (Mansour, 1959) . If intrauterine insemination is used to bypass the cervical block, the eggs ovulated may be fertilized (Land & McGovern, 1968) , and when transferred to adults at an appropriate stage of the oestrous cycle they develop normally (Trounson, Willadsen & Moor, 1977) . The latter authors also demonstrated that the capacity of the lamb follicle to secrete oestrogen, testosterone and progesterone in vitro was similar to that of the adult. The oestrogen-preovulatory LH discharge reflex is competent at 5-6 weeks of age (Land, Thimonier & Pelletier, 1970) . The concentration of LH in peripheral plasma is within the range ofthat of the adult (Foster, 1974) , but closer to that of the castrated than the intact ewe. Similarly, Foster (1974) con¬ cludes that the concentration of FSH in the peripheral plasma of the immature is similar to that of the adult sheep. All links in the chain to ovulation are therefore competent when tested separately and immaturity has tended to be considered a question of integration, a question of the quantitative re¬ lationships between the links, rather than of their qualitative presence. Such a conclusion, however, is an admission of ignorance rather than the positive description of a cause. Moreover the study of adult, 'mature' females at the same time of year as that at which most of the lamb studies have been conducted would have led to essentially the same conclusion. With lambs tending to be born at the start of the anoestrous season, most studies have taken place when adults are anoestrous. Sexual immaturity cannot be compared to seasonal dysfunction until the two are separated.
It may be argued in general that sterility is of selective advantage to the physically immature individual, for conception at too small a proportion of adult body weight may lead to reduced viability of both dam and conceptus. As such, we have to admit that we do not know how conception is prevented. Such knowledge may be relevant to the study of human contraception, but it may be simpler to study the problem in an experimental animal whose reproductive activity is less sensitive to environmental variation than is that of the sheep.
